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Objectives: This study was undertaken to evaluate the consequences on patient selection and on early and mid-term results
during the learning curve of a surgical team performing laparoscopy-assisted surgery to treat abdominal aortic aneurysm
(AAA).
Patients and Methods: Between December 1998 and January 2002, 24 patients (22 men, 2 women; mean age, 68.2 years
[range, 57-82 years]) were included in a prospective study and underwent laparoscopic transperitoneal AAA dissection
followed by graft implantation through a 6 to 9 cm minilaparotomy. Perioperative data for the first 10 patients, obtained
during the first 25 months of the study (group 1), were compared with data for the last 14 patients, obtained during the
last 13 months of the study (group 2). Follow-up consisted of clinical examination or duplex scanning, or both, at 1, 3,
6, and 12 months and yearly thereafter, and computed tomographic scanning before discharge and yearly thereafter.
Results: One patient (4.3%) died in the immediate postoperative period. In this patient and two others (12.5%), the
minilaparotomy was extended intraoperatively, from 12 cm to 16 cm. With experience, initial contraindications such as
obesity and short proximal or calcified aortic neck were eliminated, enabling increase in rate of patients included, from
27.7% during the first 25 first months to 56% during the last 13 months (P .063). Mean duration of operative clamping
decreased from 275 minutes in group 1 to 195 minutes in group 2 (P < .0001), and mean duration of aortic clamping
decreased from 101 minutes in group 1 to 52 minutes in group 2 (P < .0001). The number of early repeat interventions
was reduced from 3 (30%) in group 1 to 2 (14.3%) in group 2 (P  .61), and clinical recovery period decreased from 6.8
days to 4.3 days (P < .005). During mean follow-up of 17.1 months (range, 3-38 months), no late aortoiliac procedures
were necessary and no prosthetic abnormality was detected.
Conclusion: This minimally invasive video-assisted technique provides good postoperative comfort and excellent mid-
term results. Developments in experience and instrumentation have enabled us to include a growing number of patients
and to reduce the duration of the procedure. (J Vasc Surg 2003;37:744-9.)
With substantial developments in visceral surgery,
use of laparoscopic techniques has been proposed to
treat abdominal aortic aneurysm (AAA), advocating po-
tential benefits of a minimally invasive technique that
provides stable results over time.1-8 However, although
early reports have discussed the feasibility of these chal-
lenging procedures,2-8 several questions have been raised
concerning the number of patients who are suitable
candidates for such techniques, the effect of the learning
curve in decreasing duration of the procedure, and the
possibility of guaranteeing quality of the anastomoses
performed through a 6 to 9 cm laparotomy rather than a
25 to 30 cm laparotomy.9 Inasmuch as a training pro-
gram lasting several months and using live animals or
human cadavers is required to acquire laparoscopic skill,
especially to learn, specifically, laparoscopic aortic recon-
struction, lack of answers to these questions may explain
the reluctance of certain surgical teams to adopt these
emerging techniques.3-7
Our growing experimental and clinical experience,
dating respectively from 1996 and 1998, has progres-
sively enabled us to improve our laparoscopic technique
and to develop new instrumentation, ie, specifically de-
signed laparoscopic aortic clamps and a laparoscopic
intestinal retractor.9-13 In a previous article comparing
laparoscopic retroperitoneal and transperitoneal ap-
proaches,6 we reported that the transperitoneal approach
offered better exposure, especially of the right aortic wall
and the right renal, lumbar, and iliac arteries. Perfor-
mance of laparoscopic aortic dissection followed by
minilaparotomy for the aortoprosthetic anastomosis has
enabled us to decrease clamping time substantially com-
pared with use of a totally laparoscopic technique.7 We
first used this technique in patients with aortoiliac occlu-
sive disease,6,7 then prospectively included patients with
AAA, which requires larger aortic dissection and control
of lumbar arteries. In this article we present the lessons
learned in our first 24 patients who underwent treatment
of AAA, excluding 40 other patients who underwent
laparoscopic aortic reconstruction because of occlusive
disease during the study period.
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PATIENTS AND METHODS
Between January 1998 and January 2002, 62 patients
underwent laparoscopic abdominal aortic reconstruction in
our department after inclusion in a prospective study ap-
proved by the Commission Consultative de Protection des
Personnes dans la Recherche Biome´dicale of the University
of Marseilles. The first patient with an AAA was included in
December 1998, after we had performed eight aortic re-
construction procedures because of occlusive disease,
which are considered simpler.
Patient demographic data were recorded prospectively.
Systematic preoperative examinations included duplex
scanning of the aorta, lower limbs, and cervical arteries, and
computed tomography (CT). Preoperative angiography
was performed only when visceral or iliac artery stenosis or
aneurysm was suspected, although some patients had un-
dergone angiography before being referred to us. All pa-
tients underwent preoperative cardiopulmonary examina-
tion including echocardiography, functional respiratory
evaluation, and determination of arterial blood gas levels.
Surgical technique. As described previously,7,13 the
patient was placed supine on the operating table with a
pillow under the lumbar region to raise the aortic area.
Administration of general anesthetic was similar in all pa-
tients, and no patients received epidural anesthesia during
or after the procedure. The operating surgeon (Y.S.A. or
O.H.) was positioned to the left of the patient, and the
camera holder was to the left of the surgeon. A second
assistant was located to the right of the patient. The first 12
mm trocar, inserted through an umbilical incision with an
open technique, enables the abdominal cavity to be visual-
ized and insufflated with carbon dioxide to a pressure of 8
mm Hg. Three additional 12 mm ports for insertion of a
30-degree viewing laparoscope and the instruments (scis-
sors, forceps, needle holder) were placed transversally
about 5 to 6 cm to the left of the first port, above the left
anterosuperior iliac spine and below the tip of the left
eleventh rib. The table was temporarily tilted to a 25-
degree Trendelenburg and 5-degree to 10-degree right
lateral decubitus postion. To begin placement of the lapa-
roscopic intestinal retractor, the bowel was gathered within
the right part of the abdomen. The distal part of a 3 mm
metal rod was then directly introduced through the ab-
dominal wall, below and to the right of the xiphoid process,
and threaded along the left side of the fourth duodeno-
jejunal angle, the promontory, and the lateral edge of the
right iliac axis, and its proximal external portion was fixed to
the operating table. A 12  25 cm net with a 2-cm lapel
sewn along one of its long edges was placed in the abdomen
through a trocar. The lapel was then slipped around the
metallic rod to mantain the net on the floor of the abdom-
inal cavity. The net was then applied to the bowel and fixed
with 3 to 4 sutures to the right part of the abdominal wall,
keeping the intestines out of the working area. It was then
possible to reduce the Trendelenburg-right lateral decubi-
tus positioning of the operating table to 5 degrees. The
retroperitoneum overlying the anterior wall of the aorta
was opened in standard fashion. The origin of the inferior
mesenteric artery was noted, and the artery was divided or
controlled for reimplantation. The anterior and lateral walls
of the aorta were dissected from the left renal vein to the
aortic bifurcation. A laparoscopic aortic clamp (B/Braun-
Aesculap, Tuttlingen, Germany) was introduced under
video guidance into the abdominal cavity through a sepa-
rate 10 mm incision without a trocar and placed around the
infrarenal aortic neck. If an aortic tube or an aorta-bilateral
common iliac artery bypass graft is to be placed, a releasable
laparoscopic clamp (B/Braun-Aesculap) is prepared
around each common iliac artery. If the distal anastomoses
are to be made on the external iliac or femoral arteries
through separate incisions, the common iliac artery is oc-
cluded with a vessel loop or laparoscopic stapler (endoTA-
30; Tyco, Norwalk, Conn).
When the laparoscopic dissection has been completed,
all trocars are removed and a 6 to 9 cm midline minilapa-
rotomy is made at the level of the umbilicus. The longer
incisions were made in obese patients, in cases of suprarenal
aortic clamping, or when unilateral or bilateral common
iliac anastomosis was performed. Since the laparoscopic
intestinal retractor was still in place, only abdominal wall
retractors placed on the self-retaining Omni-tract (Pilling
Weck Europe, St Faget, France) were used. A heparin bolus
(50 UI/kg) was administered intravenously, and the aorta
was clamped. Endoaneurysmorraphy was then performed
by opening the aneurysm, occluding the lumbar arteries,
and performing an end-to-end aortoprosthetic anastomosis
with direct vision. Depending on the operation scheduled,
the distal anastomosis or anastomoses were made conven-
tionally on the distal aorta and on the iliac or femoral
arteries. Finally, the retroperitoneum was closed with a
running suture, and the port sites, minilaparotomy, and,
the groin incisions, if needed, were closed in standard
fashion. After the procedure, patient- controlled analgesia
was systematically used.
Study design. For the surgical procedure and early
postoperative period, the following variables were record-
ed: operative and clamping duration, suprarenal or infrare-
nal aortic clamping site, need for blood transfusion, dates of
oral feeding and mobilization, and postoperative duration
of hospitalization. In our protocol, all patients stayed at
least the first postoperative night in the intensive care unit.
Before discharge, CT was systematically performed. Since
postoperative discharge was sometimes postponed because
of delay in finding a place in a convalescent home requested
by certain patients, we considered the day of clinical recov-
ery as corresponding to the patient’s ability to walk alone in
the corridor of our department. To evaluate the effect of
the learning curve on perioperative parameters, data for the
first 10 patients (group 1), who underwent treatment dur-
ing the first 25 months of the study, were compared with
data for the last 14 patients (group 2), who underwent
treatment during the last 13 months of the study.
Follow-up consisted of physical examination by a phy-
sician in our department at 1, 3, 6, and 12 months and
yearly thereafter; duplex scanning at 1, 6, and 12 months
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and yearly thereafter; CT before discharge and yearly there-
after. Angiography was performed during follow-up when
other arterial lesions were to be treated surgically (ie, pop-
liteal aneurysm) or had not been performed preoperatively.
Data obtained at follow-up physical examination included
delayed surgical complications such as recurrence of aneu-
rysm or bypass graft occlusion, walking status, incisional
hernia, gastrointestinal transit and sexual problems (retro-
grade ejaculation, impotence). For each nonphysical exam-
ination, each anastomosis and the whole prosthesis was
systematically analyzed by medical specialists to detect false
aneurysm, anastomotic stenosis, and bypass graft occlusion
or malposition.
Statistical analysis. Comparison between the two
groups of patients was made with the Fisher exact test or
with the Mann-Whitney U test when appropriate. P  .05
was considered significant. Statistical analysis was made
with the computer program SPSS 10.1 for Windows (SPSS,
Chicago, Ill).
RESULTS
Over 37 months from December 1998 to January
2002, 24 patients (22 men, 2 women; mean age, 68.2 years
[range, 57-82 years]) were prospectively included in our
study. During the same period, 38 additional patients
referred to our department with AAA but with one or more
exclusion criteria underwent open surgery: 13 patients with
AAA requiring emergent repair; 6 patients with type IV
thoracoabdominal aortic aneurysm; 6 class 4 patients, ac-
cording to American Society of Anesthesiologists (ASA)
classification; 2 patients with hostile abdomen, including 1
with a colostomy and 1 with a history of left colectomy; 1
patient with aortoenteric fistula; and 10 patients with con-
traindications during the inclusion period for group 1
(Table I). However, inasmuch as some of these exclusion
criteria (obesity; short, angulated, or calcified proximal
aortic neck; or suprarenal artery aortic clamping scheduled;
Table II) were abandoned during the inclusion period for
group 2, the proportion of patients included rose from
27.7% (10 of 36 patients) during the first 25 months to 56%
(14 of 26 patients) during the last 13 months (P  .063).
Patient demographics and preoperative ASA classifica-
tion were comparable in groups 1 and 2 (Table I). Five
patients (20.8%) underwent prior abdominal surgery (cho-
lecystectomy in 2, and left-sided nephrectomy, appendec-
tomy, and appendectomy with inguinal hernia repair in 1
each).
Table III summarizes the benefits of the learning curve
on preoperative, intraoperative, and early postoperative
variables between group 1 (first 10 patients) and group 2
(last 14 patients).
Preoperative examination revealed that mean aortic
diameter was 51.1 mm (range, 32-68 mm). Two patients
with AAA smaller than 45 mm received treatment because
of claudication caused by occlusion of the right common
iliac artery, with a tight contralateral stenosis in 1 patient
and painful aneurysm with increase in diameter of more
than 7 mm over the previous 6 months in the other patient.
Preoperative angiography was performed in 13 patients
(54%). In 5 patients (20.8%) the proximal aneurysm neck
length was less than 15 mm, and in 1 patient (4%) neck
angulation was more than 60 degrees. In 3 patients (12.5%)
parietal calcifications covered more than 50% of the aortic
neck circumference. One patient (4.2%) had a retroaortic
left renal vein. Three patients (12.5%) had bilateral com-
mon iliac artery aneurysm with mean diameter of 2.1 0.2
cm (range, 2.0-2.5 cm). Nine patients (37.5%) had severely
calcified (n  3) or thrombosed or severely stenosed bilat-
eral arterial iliac axis (n  6).
Twelve patients (50%) had an aorto-aortic tube graft, 3
patients (12.5%) had an aorta-bilateral common iliac artery
bypass graft, 8 patients (33.3%) had an aorta-bilateral fem-
oral bypass graft, and 1 patient (4.2%) had an aortoil-
iofemoral bypass graft. In 1 patient the inferior mesenteric
artery and a polar left renal artery were reimplanted in the
aortic prosthesis. In 2 patients the proximal aortic clamp
was positioned above the renal arteries through extension
Table I. Patient demographic characteristics and
preoperative anesthesiologist classific
Group 1
(first 10
patients)
Group 2
(last 14
patients) P*
Age (y) 66.6  7.4 70.9  6.2 .14
Sex (M/F) 9/1 13/1 1
Contraindications to minilaparotomy
Obesity (BMI 30) 4 (40) 2 (14) .19
Hypertension 6 (60) 8 (57) 1
Diabetes 1 (10) 1 (7) 1
Hyperlipidemia 6 (60) 6 (43) .96
Ischemic heart disease 2 (20) 5 (36) .65
COPD 2 (20) 3 (21) 1
Renal dysfunction 0 1 (7) 1
Smoking 8 (80) 14 (100) .16
ASA classification
Class II (%) 7 (70) 6 (43) .41
Class III (%) 3 (30) 8 (57) .23
Numbers in parentheses are percentage.
BMI, Body mass index; COPD, chronic obstructive pulmonary disease;
ASA, American Society of Anesthesiologists.
*Mann-Whitney U test.
Table II. Modification of exclusion criteria during study
of laparoscopy-assisted AAA repair
Permanent exclusion criteria
Emergent AAA repair
Thoracoabdominal aortic aneurysm
Previous major abdominal surgery
Hypogastric artery aneurysm
Class IV of the American Society of Anesthesiologists
classification
Previous exclusion criteria abandoned with experience
Obesity (BMI  30)
Angulation ( 60°) or calcification (50%) of aortic neck
Suprarenal artery aortic clamping
AAA, Abdominal aortic aneurysm; BMI, body mass index.
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of the minilaparotomy, from 9 to 12 cm in 1 patient. AAA
diameter in these 2 patients was 51 mm and 65 mm, and
both received a tube graft. Two other intraoperative exten-
sions (12.5%), to 15 cm and 16 cm laparotomy, respec-
tively, were necessary because of vena cava injury with
uneventful recovery in 1 patient and because of difficulty in
creating the proximal aortoprosthetic anastomosis in the
other patient. Mean operative duration was 238 minutes
(range, 155-360 minutes), decreasing from 275 minutes in
group 1 to 195 minutes in group 2 (P  .0001). Mean
aortic clamping duration was 76 minutes (range, 42-160
minutes), decreasing from 101 minutes in group 1 to 52
minutes in group 2 (P  .0001).
During the early postoperative period, 1 patient (4.2%)
in group 2, who underwent intraoperative conversion be-
cause of anastomotic difficulties, died at day 1 of an intes-
tinal infarction, as confirmed at early repeat intervention.
Four additional patients (20.8%) underwent early repeat
intervention, 1 for dissection of the right iliac artery, with
crossover femoro-femoral bypass grafting at day 1 (group
1), and 3 through the minilaparotomy because of leakage at
the proximal anastomosis at day 1 in 1 patient (group 1),
small burning of the duodenum closed at day 2 in 1 patient
(group I), and transit troubles justifying repeat peritoniza-
tion of the prosthetoiliac anastomosis at day 9 in 1 patient
(group 2). No other common complications, eg, cardiac or
pulmonary problems, were recorded in this series. Nine
patients (37.5%) required blood transfusion, including 6 in
group 1 and 3 in group 1 (P  .091). According to our
protocol, stay in the ICU was limited to the first postoper-
ative night for all patients but 2 in group 1, who stayed 5
and 6 days, respectively. All patients (79%) but 5 tolerated
oral feeding on the second postoperative day, and 12
patients (50%) could be mobilized the same day. Mean
postoperative hospitalization for survivors was 6.7 days
(range, 3-21 days), with 14 patients (58.3%) discharged
between postoperative days 3 and 5. Mean clinical recovery
period after the procedure was 5.3 days (range, 3-13 days),
with a significant decrease between group 1 (6.8 days) and
group 2 (4.3 days) (P  .005).
No patient was lost to follow-up during a mean of 17.1
months (range, 3-38 months). The 23 patients were mon-
itored with 65 physical examinations (2.8 per patient;
range, 2-5), 46 duplex scanning procedures (2 per patient;
range, 1-5), 37 CT procedures (1.6 per patient; range,
1-3); and angiography in 2 patients operated on 8 and 10
months after AAA repair because of popliteal aneurysm. No
physical abnormality linked to the bypass graft implantation
was noted except in 2 patients (8%) with incisional hernia
on the minilaparotomy, requiring surgical repair at 3 and
16 months, and 3 patients (13%) with sexual problems
(retrograde ejaculation in all 3 patients, with associated
dyserection in 2 patients). No secondary aortoiliac proce-
dure was necessary. No bypass occlusion, anastomotic ste-
nosis, false aneurysm, or other prosthetic abnormalities
were noted at nonphysical examinations performed during
follow-up.
DISCUSSION
Since 1996 various minimally invasive techniques have
been proposed for AAA repair, from totally laparoscopic
techniques to nonvideo-assisted minilaparotomies.1-16
Chen et al1 published the first series of laparoscopy-assisted
AAA endoaneurysmorraphy, performing, as we do, laparo-
scopic transperitoneal dissection of the infrarenal aorta,
then minilaparotomy to treat lumbar artery occlusion and
making of the aortoprosthetic anastomosis. However, sec-
ondarily, the same team has moved toward minimal inci-
sion without video assistance, advocating that the laparo-
scopic portion was time-consuming.16 In the same way,
Turnipseed et al14 demonstrated that minimal incision
aortic surgery is as safe as open or endovascular surgery, and
Table III. Our learning curve: modification of preoperative, intraoperative, and early postoperative parameters between
group 1 (first 10 patients) and group 2 (last 14 patients) who underwent laparoscopy-assisted AAA endoaneurysmor
Group 1 Group 2 P*
Preoperative parameters
AAA diameter (mm) (mean  SD) 47.5  8.7 53.7  7.3 .056
Proximal AAA neck length 15 mm 1 (10) 4 (29) .35
Aortic calcifications 50%† 0 3 (21) .23
Intraoperative parameters
Operative duration (min) (mean  SD) 275  50 195  26 .0001
Clamping duration (min) (mean  SD) 101  37 52  12 .0001
Aortic clamping above renal arteries 0 2 (14) .49
Extension of minilaparotomy 1 (10) 2 (14) 1
Early postoperative parameters
Repeat interventions (No. of patients) 3 (30) 2 (14) .61
Postoperative death (No. of patients) 0 1 (7) 1
Blood transfusion (No. of patients) 6 (60) 3 (21) .091
Clinical recovery (d) (mean  SD) 6.8  2.5 4.3  2.6 .005
Numbers in parentheses are percent.
AAA, abdominal aortic aneurysm.
*Mann-Whitney U test.
†Aortic calcifications involving 50% of proximal neck circumference.
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Kolvenbach et al5 proposed laparoscopic hand-assisted re-
pair through a 6 to 7 cm midline minilaparotomy, allowing
introduction of the surgeon’s nondominant hand to help in
dissection while maintaining the pneumoperitoneum.
Other authors have proposed a totally laparoscopic tech-
nique with either a transperitoneal,3 retroperitoneal,2,8 or
mixed approach.4 These authors have stressed two main
difficulties: laparoscopic control of lumbar arteries, leading
them to treat thrombosed collateral arteries or to perform
AAA exclusion, and the challenging making of the aorto-
prosthetic anastomosis responsible for long clamping time.
From our point of view, the use of a video camera is
mandatory to enable complete exploration of the abdomi-
nal cavity, accurate dissection of the AAA, and placement of
our specifically design laparoscopic aortic clamp and releas-
able clamps. Development of the laparoscopic intestinal
retractor has enabled us to decrease pneumoperitoneum
pressure from 14 mm Hg to 8 mm Hg, to avert the
long-standing uncomfortable position of the patient on the
operating table, and to keep the bowel away from the
operative site during laparoscopic dissection and minilapa-
rotomy.13 Second, minilaparotomy enables endoaneu-
rysmorraphy and substantially decreases clamping time,
compared with a totally laparoscopic technique.7 Since we
have been able to progressively include patients with previ-
ously considered contraindications to minilaparotomy
(obesity; short, angulated, or calcified proximal aortic neck;
or suprarenal artery aortic clamping scheduled) and to treat
extension of AAA into the common iliac arteries, as many as
56% of patients referred to us for AAA repair during the last
13 months of the study were able to undergo this proce-
dure.
These preliminary results, ie, perioperative rate death of
4.2%, minilaparotomy extension rate of 12.5%, and early
repeat intervention rate of 20.8%, do not show a real benefit
when compared with conventional and endovascular sur-
gery.5,17-19 However, comparison of results in group 1
(first 10 patients) and group 2 (last 14 patients) shows that
with experience there was a significant decrease in mean
operative and clamping duration (P  .0001), as well as
halving the percentage of early repeat intervention (P 
.61). Furthermore, during the early postoperative period
most of our patients experienced early oral feeding and
mobilization, resulting in a significant decrease in the pe-
riod of clinical recovery (P  .005) between the two
groups, thus attesting to the good postoperative comfort
reported by other surgical teams using comparable tech-
niques.1,2,5 We believe that development of experience in
laparoscopic aortic surgery and of new specific instrumen-
tation may lead to further improvement in these intraoper-
tive and postoperative findings.
To our knowledge, this article is the first to assess the
mid-term results in a series of patients who underwent
laparoscopy-assisted AAA repair. In this small number of
patients followed up for a mean of 17.1 months, no late
vascular procedure was necessary and no prosthetic abnor-
malities were detected. In our move to develop this tech-
nique and after having shown its feasibility in animals10-12
and cadavers13 and in the first prospective studies in pa-
tients mainly undergoing treatment of occlusive disease,6,7
these results are an important step. It is possible to perform
aortoprosthetic anastomosis through a minilaparotomy
with the same quality as with a large incision, when the
bowel is maintained out of the way and after laparoscopic
dissection of the AAA. This technique allows the patient to
receive the same Creech procedure20 as in conventional
surgery, but with a less aggressive approach. It also means
that during the mid-term postoperative period patients
who have undergone a laparoscopy-assisted technique can
be followed up with a simple surveillance program similar
to that in patients who undergo open surgical techniques.
Our goal is to gain experience in laparoscopic AAA
repair and to develop new laparoscopic instruments allow-
ing to reduce the length of the minilaparotomy, and then to
move to a totally laparoscopic technique, as has occurred in
other surgical fields.21 These preliminary results from our
experimental and clinical studies allow us to progressively
define the landmarks of a beneficial minimally invasive
procedure and the features of any new instruments used to
perform aortoprosthetic anastomosis.
CONCLUSION
Laparoscopy-assisted aneurysmorraphy is feasible and
may offer patients at low and moderate risk good postop-
erative recovery with excellent mid-term patency. Shorter
hospital stay and simple mid-term follow-up allow more
comfort for the patient and probably monetary savings for
the community. A steep learning curve is needed, but
introduction of specific instruments will enable consider-
able development of these techniques. Further experience
and multicentric study are recommended.
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